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Abstract  A  homoloiruus  scri«*s  nf  S-eholesteryl  nlkiuicthioiitcs  wus  prepared 
I iy  react ion  of  3^-mcrcnptoclio|est-.'»-ctic  with  tin*  imidu/olidcs  of  nlknnoii* 
acids.  'flic  mesomorphic  properties  of  20  memliers.  S-cholwicryl  thinfnriimtc 
tliroiii'li  )'iro>ain-t luoati'  were  determined.  All  nlknnct luontes  an*  mouotrnpic 
cholesteric  lAirpi  tin*  *  ‘lolestcryl  lhioformnti‘.  Cholesteryl  t  hioheptaiioate 
ami  all  In  idler  homolot!in*s  m  this  scrw-s  also  i>xlnliit  a  mouot  ropic  smectic 
im>. ipha>c.  A  comparison  with  flic  <*orrcs|Min<lini'  cholesteryl  iilkanoatcs 
shows  that  the  replacement  of  the  «-*|cr  group  hv  the  thiol  ester  group  leads 
to  an  increase  m  lioth  the  sm>*ctic-cho|estcric  and  the  cholesteric-isotropic 
t  rail'll  ion  tempTa  tores. 


In  earlier  enmmiinieat ions,  we  described  the  mesomorjiltie  behavior 
of  .‘{/j  stervl  alkyl  carbonates'1 -2*  ami  thiocarbonates'3  v  anti  estab¬ 
lished  that  the  thioenrbonate  «rroup  gives  an  increase  in  transition 
teni|»era! tires  anti  ;i  tlecrease  in  transition  heats'31  as  compared  with 
the  carbonate  group.  We  alst»  re|K»rtetl  briefly  that  similar  relations 
were  found  between  the  ester  anti  the  thiol  ester  •Troup.'51  'Phis  pajier 
is  concerned  with  a  homologous  series  of  S-cholesteryl  alkanethioates 
and  their  mesomorphic  behavior. 

(’holestervl  alkanoates  generally  an-  obtained  by  esterification  of 
cholesterol  with  free  fatty  acids.**-7’  acid  anhydrides.'"’  or  acid 
chlorides.'-'-”  These  establishetl  methtitls  usually  give  poor  to 
moderate  yields  anil  often  pn-sent  consith-rable  diilicult ies  in  the 
purification  of  the  cholesteryl  esters  by  n-crystalli/.at  ion.  Two  other 
reactions  have  recently  been  reported.  A  t ransesterilicat ion  pro¬ 
cedure.  followed  by  chromatographic  purification,  gives  cholesteryl 
esters  iii  good  yield  and  a  hiirh  state  of  purity,  but  is  useful  only  for 
eho|est«-ry I  esters  of  higher  fatty  acids.'"”  T’lu*  other  method  is  the 
t rausaevlat ion  of  imida/.olid"* 'n'  The  reaction  of  carboxylic  acids 

279 


NAT'ONAl  TECHNICAL 
lN«-r.\’MATION  SERVICE 


2  MIH.KITI.AK  C'KVSTAI.S  A  N  I)  l.lgl'lll  CIIVSTAI.S 

with  I.  I'carbonvldiimidazole  combined  with  alcoholysis  leads  to 
esters  under  particularly  tnihl  reaction  conditions.*12’  The  latter  was 
successfully  used  in  tlu*  preparation  of  cholesteryl  esters  of  hydroxy, 
koto,  and  epoxy  fatty  acids.'13*  and  also  «ave  excellent  yields  in  the 
preparation  of  cholesteryl  alkanoates*’4*  and  other  3/J-steryl  esters."5* 
Because  of  the  mild  reaction  conditions,  this  method  was  chosen  to 
synthesize  the  fatty  acid  esters  of  .'t/f-mereaptoeholest -fi-clie. 

Th«*  use  of  l.l'-earhonyldiimida/.ole  in  the  synthesis  of  S-choles- 
teryl  alkanethioates  (2)  from  .‘{/3-mcreaptocholest-o-ene  (I)  and 
alkanoic  acids  in  absolute  benzene  jtftve  excellent  yields  for  the  lower 
members,  but  Generally  somewhat  lower  yields  for  tin*  higher 
members  ('fable  1).  The  use  of  a  solvent  of  higher  polarity  did  not 
substantially  increase  the  yield  for  the  higher  members. 


'file  abnormally  low  yield  of  S -cholesteryl  thioformate  is  explained 
by  the  fact  that  I -formylimidazole  decomposes  almost  quantitatively 
into  carbon  monoxide  and  imidazole  above  its  mcltinjr  point. ,tr,>  a 
concurrent  reaction  to  the  formation  of  the  thioformate.  Xo  attempt 
was  made  to  increase  the  yield  by  catalysis  with  sodium  ethoxide  or 
imidazolvlsndium."T•,’', 

Only  two  contaminants,  unroacted  3/J-mereaptocholest-a-ene  and 
dicholesteryl  disulfide.*19’  wen*  found  in  the  reaction  products  of  this 
transacylation.  Both  wen*  identified  by  thin-laver  chromatography 
{’fable  2)  and  could  lie  removed  by  column  chromatographic  puri- 
lication.  .'{/^-.Mercaptocholest-o-ene  as  a  thiol  oxidizes*2"’  easily,  and 
therefore  traces  of  dicholesteryl  disulfide  are  always  found  in 
commercial  thiocholesterol.  However,  after  recrystallization  from 
ethvl  acetate,  it  showed  the  n*ported  physical  constants* l9-2"-2"  and 
w  as  also  live  of  cholesterol  ('fable  2). 

The  transition  curves  of  the  homologous  series  of  S-cholesteryl 
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alkanet  hioates  are  shown  in  Fijr.  I.  Monotr.jpic  smectic  incsophases 
arc  exhibited  l>y  S-eholesteryl  heptanethioate  and  a!1  higher  members 
of  tin*  series.  Mount  Topic  cholesteric  mesophases  arc  fonn<l  in  all 
ntemhers  except  the  thioformate.  Cholesteric  colors  are  exhihited 


NO.  OF  C-ATOMS  OF  ALKANOIC  ACID 

KiiMirc  I.  Transit  mu  temporal  tires  •>('  S-elin|estor\  I  alkanet  liinatos;  X  . 
ni.liiiiu  |  >•  out  ~ :  '/  .  cli<i|cstcric-is<»i  rnjac  transitions;  .  >imriir 

di. i l.  't. -lie  t ran~il ions. 
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only  by  S-eholesteryl  jientanethioate.  hexanet  hioate.  hcptanct Innate, 
and  net  a  net  Innate:  tin*  cicnsa net  Innate  shows  "  crystal  colors  'V31 
i.t ..  regions  «.f  intense  colors  co-exist in*»  with  crystals  over  a  wide 
temperature  ranee. 

Comparing  these  data  with  those  of  the  corresponding  cholcsteryl 
alkanoutcs'-*’  shows  that  replacin'!  the  ester  “roup  by  the  thiol  ester 
itronp  results  in  an  increase  of  both  the  smectic-cholesteric  and  the 
cholesteric-isotropic  transition  tcm|>crat tires.  In  addition,  it  leads 
to  t  he  existence  of  a  smectic  mesophasc  in  the  S-eholesteryl  heptane* 
tliioate  and  the  oetanet  hioate.  not  observed  in  the  corresponding 
cholcstervl  alkanoates.  The  cholesteric-isot ropic  transition  points 
of  the  first  half  of  the  series  show  an  odd-even  effect  and  thereafter  a 
steady  decrease  with  chain  length.  The  sineetie-cholesteric  tran¬ 
sition  curve  first  increases  and  then  decreases.  This  results  in  a 
narrowing  of  the  ratine  of  the  cholesteric  mesophasc  until  an  almost 
constant  value  is  reached  with  the  dodeeanethioatc.  This  behavior 
seems  to  be  typical  for  homologous  series  exhibiting  both  smectic  and 
cholesteric  nlcsophases.,3•,, 

Experimental 

Staictixi:  Matkimaus.  Commercial  3/^mereaptoeholcst-f»-enc<*2, 
was  used  after  two  recrystallizations  from  ethyl  acetai.  .  nip  !>“  07. a  . 
and  I. I'-carbonyhliimiihi/.ole*22'  was  employed  as  received.  The 
alkanoic  acids  used  had  a  minimum  purity  of  wit  It  t  he  except  ion 
of  pentudecanoic  acid  which  was  only  OS",,  pure. 

I  ’a  KCA  kation  ok  M  ATKiM  \i«s.  As  a  typical  example,  the  preparation 
of  S-eholesteryl  tet  radecanethioate  is  iriven.  .Monitoring  the  reaction 
by  I  bin-layer  chromatography  revealed  that  after  2  hr  an  appreciable 
amount  of  rtd-mercaptocholest-o-eiie  was  still  present.  Therefore, 
the  esterification  period  was  extended  to  t*  hr.  whereafter  no  increase 
in  yield  was  obtainable.  IJeaet  ion  times  and  molar  rat  ins  of  reactants 
were  the  same.  All  experiments  were  carried  out  under  nitrogen. 

S  Cnoi.iisTKiiVt.  Tkti; a i»k< \\ x ktiii* »atk.  A  solution  of  2.2s 
(o.i »|  mol)  of  tet r.idecarioie  acid  in  In  ml  of  absolute  benzene  was 
add'  d  to  a  stirred  slurry  of  l.tii’  jr  (n.o|  mol)  of  I .  I  '-earbonyldiimid- 
az.ole  in  _•*>  ml  of  absolute  benzene.  After  about  _u  min  all  material 
wa>  dis.xnlved  and  evolution  of  CO,  had  ceaseil.  I.n.’l  i!  (U.ul  mol) 
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nf  .'{/Tmcrcaptucholcst -A-cnc  was  add<*d  and  tin*  mixture  was  refluxed. 
After  <5  hr  the  luilk  of  the  benzene  was  distilled  off.  loo  ml  of  hexane 
added,  the  precipitated  imidazole  filtered  off.  and  the  filtrate 
ehromatooraplied  on  a  4f>  -  .‘t~»n-mm  column  of  silica  •rel.*23’  Klution 
was  performed  with  henzene-hexane  I (v  v)  and  loo-ml  fractions 
were  collected.  Thin-layer  chromatography  showed  tin*  tetra- 
decanct hioate  in  fractions  12  It*,  hieli  were  comhined  ami  evapor¬ 
ated  to  dryness,  The  residue  was  t (‘crystallized  twice  fromcthanol- 
liiitiinone.  Yield:  .'t.s  •»  (02",,)  of  line  needles.  :np  71  :  ep  so  . 

'I’lie  physical  properties  of  the  prepared  S-cholesteryl  alkane- 
thioatrs  and  t heir  elemental  analyses'''0  arc  summarized  in  Table  I. 
The  yields  are  expressed  in  analytically  pure  material,  i.t..  after 
eolunni  chromatography  and  recrystalliznt ion.  Transition  points 
were  determined  with  a  Aid  tier  1**1  '-If  hot  stajre  and  are  corrected. 
Methods  lor  identification  of  phases'25'  and  measurements  of  heats  of 
transition  have  already  been  published  by  this  laboratory.'5' 
I’ruiTV.  Since  traces  of  dicholesteryl  disullide  do  not  interfere  with 
the  reaction  and  are  removed  by  column  chromatographic  purification 
of  the  alkanef hioates.  commercial  .4/Tmereaptoeholesl -A-cnc'22'  was 
used  throughout  the  e.\|N*riments.  To  cheek  for  other  contaminants 
not  revealed  by  thin-layer  chromatography  under  the  conditions 
employed  for  the  analysis  of  the  alkanet hioates.  cholesterol  was 


purified  by  the  bromination-debrominatiou  method  of  Kicser.'2'” 
Two-dimensional  thin-layer  chromatojrraphv  did  not  reveal  any 
impurities.'27'  3/?-AIereaptocholest-a-ene  prepared  from  this  pure 
cholesterol  with  the  intermediate  isothiuronium  tosvlate  isolated  and 
recrystallized'2"'  was  used  to  prepare  S-cholestervI  hexanet hioate  and 
heptanet hioate.  A  comparison  with  the  corresponding  S-cholesteryl 
alkanet  hioates  prepared  from  commercial  .‘l/J-mereaptoeholesf-A-ene 
did  not  reveal  any  discrepancies  in  the  transition  points  of  both  pure 
and  mixed  samples. 

The  purity  of  the  alkanoic  acids  used  was  determined  by  jras-lupiid 
chromatography  of  their  methyl  esters'2"’  on  an  KCISS-X  phase."4* 
They  were  found  to  he  !•!»"„  to  !•' 22**  pure.  file  only  exception 
was  pentadeeanoie  acid  with  a  purity  of  hX"„.  'fhe  identified 
impurities  were  in  most  cases  adjacent  homolo<jues.  I  *nsat  united 
fatty  acids,  if  present  at  all.  were  less  than  o.l",,. 

Because  of  the  known  purity  of  the  starting  materials  and  the 
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nmiplctr  removal  of  unrcactcd  .*l/Cinereaptocho|est  ’»  one  and 
dielioleslervl  disullide  by  eoliitr.ii  chromatography  on  silica  eel.  the 
homologous  series  of  S-eholesteryl  alkatiet  hioates  can  la*  considered 
to  haven  minimum  purity  of  !iiiM„  with  the  possible  exception  of  the 
pcntadecanethionte.  which  tni<rlit  be  only  !»S'’(|  pure. 

M  KSoMoKi'iiir  Bkiiavioi:.  The  mesophascs  were  determined  by 
optical  imams'3"'  and  tein|H*ratures  of  phase  transitions  with  a 
microscopic  hot  stage  (Mcttlcr  I’l'-M)  and  by  differential  scanning 
calorimetry  (see  data  in  Big.  I).  Since  the  transition  heats  in  the 
melt  have  already  ap|N*arcd  in  another  context.''’’  only  observations 
in  t  he  capillary'31 ’of  compounds  exhibit  ing  cholesteric  colors  arc  listed. 
S-Cimi.KSTKHVi.  I’kxtaxktiiioatk  melts  at  !»l  ‘.>2  and  clears  at  1 02  . 
On  cooling.  the  visible  s|H*ct rum  is  exhibited  between  44  and  lib  : 
S  ( 'mu.KSTKUVi.  IIkxanktiiioatk.  melting  at  i*.*»  ‘Hi  and  clearing  at 
lu.*>  .  shows  flu*  colors  of  the  visible  sjieetrum  at  42  .Ti‘  on  cooling: 
S-(  ’iioi.kstkkvi.  H  Ki'TAXKTitioATK.  with  a  melt ing  ami  clearing  point 
of  |07  I <>!»  .  exhibits,  on  cooling,  the  visible  s)>cctrum  at  74  7.4  : 

S-( ’iioi.kstkkvi.  Octanktiiioatk  melts  and  clears  at  iHi  !ix.f>  and 
shows  colors  at  7"»  74  on  cooling: 

S-Cnoi.KSTKKVi.  KirosAXKTinoATK  sinters  at  o4  .  ini’lts  at  litf.  and 
clears  at  7s  .  On  cooling  it  becomes  cloudy  at  77  with  a  violet  color 
appearing  «it  10  .  and  these  **  crystal  colors  ”'3’  remain  until  the 
sample  has  completely  crystallized. 

I  NHtAKKii  Sl’KiTitA.'32*  The  ester  carbonyl  freipieney  of  N-cholestcryl 
alkanet hioates.  observed  at  1070  lO.XOem  ’.  is  about  oil  cm  'lower 
than  that  of  cholesteryl  alkanoates'33’  and  is  in  agreement  with 
reported  IVeipieneies  of  thiol  esters.'34’  The  band  progression 
(( 'I I  ..-wagging  vibrations),  observed  in  cholesteryl  alkanoates'33*35' 
in  the  region  of  l.’ioi*  1 1  so  cm  1  cannot  be  observed  in  the  alkaue- 
t  hioates.  ’The  C-S  st  ret  chine  'Voipicnev  at  040  Of>n  cm  1  is  markedly 
increased  over  the  values  found  in  saturated  sulfides  (<S00  700 
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